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Abstract

Purpose We evaluated the impact of examined lymph node (ELN) number on the prognosis of stage II colon cancer after radical
surgery and developed a novel prognostic scoring system by combining primary tumor extension (pT) and ELN number for
reclassification of stage II colon cancer.

Methods Three cohorts of patients diagnosed with colon cancer between 2004 and 2010 were identified from the Surveillance,
Epidemiology, and End Results (SEER) database. Univariate and multivariate analyses were performed to evaluate the relation-
ship between factors and patients’ survival including cause-specific survival (CSS) and overall survival (OS). Survival curves
from subgroups were plotted by the Kaplan-Meier method and compared by the log-rank test.

Results Cohort 1 and cohort 2 consisted of 13,960 and 5312 stage II colon cancer patients, respectively. Cohort 3 consisted of
4713 stage III patients. Factors including ELN, age, and pT were found to be associated with patients’ survival in cohorts 1 and 2.
Patients who were older or with smaller tumors were more likely to experience inadequate ELN. Patients with a higher score, as
calculated by the novel scoring system, showed worse survival. Compared with stage III colon cancer patients, stage I patients
with high scores had a comparable or even worse survival than stage IIIA and IIIB patients.

Conclusion Inadequate ELN leads to understaging in stage II colon cancer and predicts inferior prognosis. Our analyses show
that the novel prognostic scoring system, consisting of combined pT and ELN, quantified stage migration effect and can be
applied to the reclassification of stage II colon cancer.

Keywords Colon cancer - Examined lymph nodes - Prognostic score system - SEER

Introduction

Colon cancer is the fourth most commonly diagnosed and fifth
cause of cancer-related deaths worldwide [1]. In the USA,
approximately 38% of colon cancer patients diagnosed be-
tween 2006 and 2012 had localized (stage I and II) colon
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cancer and a S-year survival rate of about 90% better than
regional (stage III) colon cancer patients [2]. The standard
treatment for non-metastatic colon cancer is radical surgery
with or without adjuvant chemotherapy. Adjuvant chemother-
apy is recommended for high-risk patients with stage I colon
cancer [3, 4]. Great efforts have been made to identify high-
risk patients, but there is still no standardized method.
Adjuvant chemotherapy can improve the survival of patients
with stage III colon cancer but whether it also benefits stage 11
colon cancer patients remains a contentious matter [5].

TNM staging classification plays an important role in the
stratification of patients’ prognosis, which guides treatment
strategy. Though the prognosis of stage II colon cancer pa-
tients is generally better than stage III colon cancer patients,
there is still a high level of variability [6-8]. Recently, several
studies have reported that a higher number of examined lymph
node (ELN) predicted better prognosis among different can-
cers [9—11]. ELN has also been linked to the prognosis of
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colorectal cancer patients [12, 13]. Precise staging is key to
execute appropriate adjuvant therapy for colorectal cancer,
where the number of positive regional lymph nodes is a crit-
ical factor. However, an insufficient number of ELN may lead
to inaccurate assessment for lymph node involvement [9, 10].
To identify the potential stage III colon cancer from stage II
cancer is of great clinical significance.

According to the TNM staging method, only tumor inva-
sion depth (pT), and not regional lymph nodes, is taken into
consideration for prognosis stratification of stage II colon can-
cer. Although the relationship between ELN levels and colo-
rectal cancer prognosis has been reported, the impact of ELN
on stage migration in stage II colon cancer has rarely been
studied [12-16]. To address this issue, in our present study
we combined the ELN number and pT to generate a novel
scoring system for reclassification of stage II colon cancer.

Methods
Data source

With granted access to the Surveillance, Epidemiology, and
End Results (SEER) Program database (https://seer.cancer.
gov/), the SEER 1975-2016 Research Plus Additional
Custom Treatment Data released in April 2019 was
downloaded for analysis. There are two files titled “YR1975
2016.SEER9” (dataset 1) and “YR1992 2016.SJ LX RG_
AK?” (dataset 2), respectively. Dataset 1 contains the SEER
November 2018 Research Data files from nine SEER registries
for 1975-2016 and dataset 2 from another four registries.

Patients included and cohort selection

The raw data was processed and saved by Excel Software.
There were 147 variables in total, most of which were unavail-
able. In our present study, data from 17 variables was extract-
ed including marital status, sex, age at diagnosis, year of di-
agnosis, primary site, grade, ELN, tumor size, site-specific
factor 1 (CEA), derived AJCC T and N, reason for no surgery,
race recode, vital status record, SEER cause-specific death
classification, survival month, total number of tumors for pa-
tients, and chemotherapy. The targeted population were pa-
tients diagnosed with stage II or III colon cancer between
2004 and 2010 according to the 6th edition of the AJCC can-
cer staging manual, received radical surgery, and survived
more than 1 month. Exclusion criteria were as follows: pa-
tients with unavailable data of ELN, histology grade, and tu-
mor size (Fig. 1). The number of ELN ranged from 0 to 90 and
were divided into 3 groups of 0—10, 11-20, and more than 20
which can serve as a classified variable. Similarly, some con-
tinuous variables, including tumor size and age, were also
regrouped as shown in the results.
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Three cohorts were selected from datasets 1 and 2 for dif-
ferent purposes (Fig. 1). Cohort 1 from dataset 1 consisted of
stage I colon cancer patients and was used to generate a novel
prognostic scoring system that can be used for recognizing
high-risk patients. Cohorts 2 and 3 were both selected from
dataset 2. Cohort 2 consisted of stage II colon cancer patients
while cohort 3 consisted of stage III colon cancer patients.
Cohort 2 was used to validate the efficiency of the prognostic
scoring system externally. A comparison between the novel
prognostic scoring system in cohort 2 and TNM staging clas-
sification in cohort 3 was performed.

Novel prognostic scoring system

For stage II colon cancer, the number of ELN was taken into
consideration to regroup patients and tumor invasion depth.
We defined the score as 0 or 1 when the tumor invasion depth
was T3 or T4, respectively. Correspondingly, a score of 0, 1,
or 2 indicated the number of ELN was more than 20, ranged
from 11 to 20, or ranged from 0 to 10, respectively. All pa-
tients were reclassified into four groups based on the com-
bined score, which was calculated as the sum of the scores
(Table S1). Group N includes all the patients with a combined
score N (N=0, 1, 2, 3).

Statistical analyses

The difference between the groups was analyzed by X~ test.
Univariate analysis was performed to evaluate the relationship
between patients’ survival and variables including marital sta-
tus, sex, age, and tumor location. Multivariate Cox regression
analysis was performed to identify the potential independent
prognostic factors from the variables examined with P value <
0.05 in univariate analysis. Survival curves were plotted by
the Kaplan-Meier method. Hazard ratio and 95% confidence
interval among subgroups were calculated by the log-rank
test. x” test, univariate, and multivariate analyses were per-
formed using the Statistical Package for Social Sciences ver-
sion 25. Survival difference between groups was compared
using GraphPad Prism version 8. A two-sided P < 0.05 was
considered statistically significant.

Results
Patients’ demographics and clinical characteristics

Three cohorts, delineated on a workflow chart (Fig. 1), were
selected from the SEER database. After quality control anal-
ysis and filtering of data, patients were grouped into different
cohorts. Cohort 1 from dataset 1 included a total of 13,960
patients with stage II colon cancer. Cohorts 2 and 3, both of
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Fig. 1 Flowchart for data SEER database
selection pd N
Data 1:YR1975_2016.SEER9 Data2: YR1992 2016.8J] LX RG AK
Inclusion:
a. Colon cancer
<« b. Diagnosed between 2004-2010 —
c. Received surgery
d. Survival more than 1 month
Stage IT Stage [l «—— Stage Il
Exclusion: patients with
« unavailable data including -
examined lymph nodes,
histology grade and tumor size.
Cohort 1: 13960 Cohort 2: 5312 Cohort 3: 4713
Establishment of prognostic score system Validation Comparison
Table 1 Demographics and -
clinical characteristics of cohort 1 Characteristics 0-10 11-20 >20 P value
N % N % N %
Marital status Married 1056 49.50 4342 51.60 1814 53.20 0.096
Single 974 45.60 3691 43.80 1435 42.10
Unknown 105 4.90 385 4.60 158 4.60
Age <60 335 15.70 1671 19.90 922 27.10 < 0.001
61-79 1054 49.40 3998 47.50 1618 47.50
>80 746 34.90 2749 32.70 867 25.40
Gender Male 1030 48.20 3941 46.80 1604 47.10 0.498
Female 1105 51.80 4477 53.20 1803 52.90
Location Ascending 957 44.80 4959 58.90 1668 49.00 < 0.001
Descending 254 11.90 771 9.20 402 11.80
Sigmoid 650 30.40 1788 21.20 827 24.30
Transverse 274 12.80 900 10.70 510 15.00
Grade 1 211 9.90 596 7.10 228 6.70 < 0.001
il 1519 71.10 6160 73.20 2500 73.40
11 365 17.10 1498 17.80 595 17.50
v 40 1.90 164 1.90 84 2.50
Tumor size <5cm 1372 64.30 4300 51.10 1437 42.20 < 0.001
5-10 cm 705 33.00 3651 43.40 1749 51.30
> 10 cm 58 2.70 467 5.50 221 6.50
CEA Positive 383 36.10 1760 37.20 738 37.00 0.578
Negative 666 62.80 2936 62.00 1246 62.50
Borderline 11 1.00 41 0.90 11 0.60
T invasion T3 1851 86.70 7416 88.10 3062 89.90 0.001
T4 284 13.30 1002 11.90 345 10.10
Tumor counts 1 1298 60.80 5410 64.30 2278 66.90 0.001
>2 837 39.20 3007 35.70 1129 33.10
Chemotherapy No 1730 81.00 7032 83.50 2812 82.50 0.018
Yes 405 19.00 1386 16.50 595 17.50
Race White 1752 82.10 6848 81.60 2764 81.50 < 0.001
Black 249 11.70 786 9.40 295 8.70
Other 133 6.20 761 9.10 334 9.80
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Cause-Specific Survial

Overall Survival

Hazard Ratio (95%Cl) P-value Hazard Ratio (95%Cl) P-value
Married Reference 0.006 Reference <0.001
Marital status  Single R B 1.211(1.061-1.382) 0.004 1.252 (1.169-1.341) <0.001
Unknown 0.847 (0.597-1.201)  0.351 1.06 (0.897-1.252) 0.495
<60 Reference <0.001 Reference <0.001
Age 61-79 i 1.743 (1.462-2.078) <0.001 2.413 (2.136-2.726) <0.001
280 —l— 2.235(1.837-2.719) <0.001 4.854 (4.272-5.514) <0.001
Ascending | | Reference 0.001 Reference 0.752
Tocation Descending il 1.249 (1.01-1.543) 0.04 1.018 (0.908-1.14) 0.764
Sigmoid HilH 1.318(1.132-1.535) <0.001 1.046 (0.962-1.138) 0.29
Transverse »:—1 0.978 (0.79-1.212) 0.841 1.028 (0.93-1.137) 0.587
| Reference 0.12 Reference 0.446
Grade 1 —— 1.371(1.02-1.843) 0.037 1.061 (0.925-1.217) 0.397
1 —— 1.426 (1.033-1.968) 0.031 1.12 (0.963-1.303) 0.14
v —a— 1.684 (1.013-2.8) 0.045 1.076 (0.831-1.394) 0.579
<5cm Reference 0.012 NA
Tumor size  5-10cm 1.166 (1.017-1.336)  0.027
>10cm i 1.393 (1.087-1.787)  0.009
Positive Reference <0.001 Reference <0.001
CEA level Negative 0.629 (0.553-0.716) <0.001 0.717 (0.671-0.766) <0.001
Boaderline —-— 0.724 (0.342-1.529)  0.396 0.818 (0.576-1.162)  0.262
Tinvasion T3 Reference Reference
T4 i 2.097 (1.79-2.458) <0.001 1.598 (1.455-1.754) <0.001
White Reference 0.001 Reference <0.001
Race Black il 1.461 (1.195-1.787) <0.001 1.125 (1-1.265) 0.051
Other 0.973 (0.791-1.197)  0.795 0.825 (0.733-0.928) 0.001
Tumor counts " Reference Reference
2 0.481 (0.411-0.564) <0.001 1.421 (1.33-1.518) <0.001
No NA Reference
Chemotherapy
Yes 0.738 (0.664-0.819)  <0.001
A >20 Reference <0.001 Reference <0.001
Examined lymph
e 11-20 HIH 1.234(1.053-1.446)  0.009 1.148 (1.058-1.246)  0.001
0-10 i 1.675(1.363-2.058) <0.001 1.406 (1.264-1.564) <0.001
0 1 2 3 0 1 2 4 6

Fig. 2 Multivariate survival analysis in cohort 1. Hazard ratio and 95% CI shown as forest plots. Those factors including married status, younger age at
diagnosis, negative CEA, T3 stage, and increasing number of ELN were favorable prognostic factors for both CSS and OS in cohort 1

which were selected from dataset 2, included 5312 stage Il and
4713 stage III colon cancer patients, respectively.

Demographics and clinical characteristics among the co-
horts are listed in Table S2. All three cohorts had similar
distributions of marital status, gender, age, and tumor location.
Nearly half of the population analyzed consisted of patients
diagnosed between ages 61 and 79. Patients with ascending
colon cancer accounted for around fifty percent of patients
across cohorts (Table S2). Cohorts 1 and 2, both of which
only included stage II colon cancer patients, had similar dis-
tributions of histology grade, tumor size, CEA level, tumor
counts, and chemotherapy (Table S2).

Establishment of a novel prognostic scoring system

Cohort 1 was divided into 3 subgroups according to the
number of examined regional lymph nodes. The differ-
ences in clinical characteristics among the three subgroups
are listed in Table 1. There were no differences in marital
status, gender, and CEA observed. Differences in features
were small (less than 5%) but statistically significant (P <
0.05) except for age, tumor location, and tumor size.
Compared to group 0—10, group > 20 had a higher percent-
age of patients diagnosed at age < 60 years old and a lower
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percentage of patients diagnosed at age > 80. The propor-
tion of patients with smaller tumor size (< 5 cm) was
highest in group 0—10 and second highest in group 11-20
(Table 1).

Univariate and multivariate analyses were performed to
evaluate the relationship between clinical characteristics
and patients’ survival. By univariate analysis, factors in-
cluding marital status, age at diagnosis, tumor location,
tumor histological grade, CEA level, T invasion, race, tu-
mor counts, and ELN were found to be associated with
both cause-specific survival (CSS) and overall survival
(OS) of patients (P < 0.05). Although tumor size was as-
sociated with CSS significantly (P < 0.001), it had no as-
sociation with OS (P = 0.102). Interestingly, patients who
received chemotherapy had a better OS but not CSS than
those that did not receive chemotherapy (P < 0.001)
(Table S3). Factors with P < 0.05 in univariate analysis
were then further examined via multivariate analysis to
identify independent prognostic factors. Results from the
multivariate analysis are shown in Fig. 2. We found that
independent prognostic factors for both CSS and OS in-
cluded age at diagnosis, T invasion, number of ELN, and
CEA level. Intriguingly, when compared to patients with
only one primary tumor, those who had more than 2 tumors
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showed better CSS (P < 0.001; HR: 0.439, 95% CI: 0.390—
0.495) but inferior OS (P < 0.001; HR: 1.583, 95% CI:
1.509-1.660).

The survival curves for T invasion and ELN are illustrated
in Fig. 3. Patients with a smaller number of ELN had both
inferior CSS and OS (Fig. 3a, b). Patients with T4 tumors had
both much worse CSS and OS when compared to T3 tumors
(Fig. 3¢, d). Furthermore, age at diagnosis was found to be an
independent prognostic predictor and was distributed differ-
ently among the three groups. Survival curves were replotted
after age was taken as a stratification factor. A smaller number
of ELN predicted worse survival in subgroups of patients with
different age ranges (Fig. S1).

A novel prognostic scoring system was established, as de-
scribed in the methods section, by combining the T invasion
and ELN to identify high-risk patients among stage II colon
cancer patients who were considered as local tumors and had
relatively better survival. As expected, patients with higher
scores had worse survival (Fig. 3e, f).

Cause-specific survival
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External validation of the novel prognostic scoring
system

To validate the efficiency of the novel prognostic scoring system
derived from cohort 1, cohort 2 was divided into four groups
according to the new system. Univariate and multivariate anal-
yses were then performed. The difference of distribution by
clinical characteristics among the four groups is listed in
Table 2. No difference was found for marital status and gender.
Compared to the other groups, group 3 had a higher percentage
of older patients, patients with positive CEA, or receiving che-
motherapy (P < 0.001). (More details can be found in Table 2.)

By univariate analysis, we found that T invasion, the
number of ELN, and the combined score were associated
with both CSS and OS (P < 0.001). Patients who had more
than one primary tumor showed better CSS and worse OS
when compared to those with only one tumor, which coin-
cided with the results from cohort 1. Additionally, chemo-
therapy only improved patients’ OS but not CSS, which

Overall survival
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Fig. 3 Survival curves grouped by different factors in cohort 1. a, ¢, e Patients with smaller ELN numbers, pT4, and higher scores had worse cause-
specific survival. b, d, f Patients with smaller ELN numbers, pT4, and higher scores had worse overall survival

@ Springer



964

Int J Colorectal Dis (2021) 36:959-969

was also the case in cohort 1 (Table S4). Similarly, factors
with P < 0.05, as determined by univariate analysis, except
T invasion and ELN, which were used to generate the
combination score, were included in the Cox multivariate
model for further analysis. The combination score, pa-
tients’ age, and CEA were all independent prognostic pre-
dictors in cohort 2 (P < 0.001) (Fig. 4). Patients with higher
scores had worse CSS and OS. Compared to group 0, the
HR (95% CI) values of CSS, as estimated by log-rank test,
were 1.223 (0.928-1.612), 1.855 (1.390-2.474), and 4.116
(2.797-6.056) for groups 1, 2, and 3, respectively. The HR
(95% CI) values of OS were 1.495 (1.274-1.754) and
2.036 (1.580-2.623) for groups 2 and 3, respectively
(Fig. 4). Thus, according to the novel prognostic scoring
system, patients could be effectively classified into differ-
ent risk levels.

Table 2 Demographics and clinical characteristics of cohort 2

Clinical value of the novel prognostic scoring system

Stage I1I colon cancer is a regional advanced tumor accompa-
nied by regional lymph node metastasis, which has a worse
survival outcome than stage II colon cancer. Cohort 3 was
disbanded into five subgroups according to T and N, which
was determined following the 6th AJCC guidelines. Survival
curves for subgroups are illustrated in Fig. Sa—d. The cumu-
lative survival proportions at 3, 5, and 10 years after diagnosis
are shown in Fig. Se, f. Group 3 displayed the worst CSS and
OS in cohort 2 (Fig. 5a, ¢), with comparable CSS and OS at 3,
5, and 10 years when compared with T3N2 or T4N1 groups
(Fig. 5e, f; the hazard ratios for CSS (Table 3) and OS
(Table 4) between the two groups were calculated and com-
pared by the log-rank test.). Similar or worse survival groups,
as determined by the novel scoring system and compared to

Characteristics Group 0 Group 1 Group 2 Group 3 P value
N % N % N % N %

Marital status Married 628 55.00 1289 52.50 782 51.90 110 52.40 0.583
Single 478 41.90 1090 44.40 685 45.50 92 43.80
Unknown 35 3.10 76 3.10 39 2.60 8 3.80

Age <60 365 32.00 607 24.70 289 19.20 39 18.60 < 0.001
61-79 516 45.20 1141 46.50 751 49.90 91 43.30
>80 260 22.80 707 28.80 466 30.90 80 38.10

Gender Male 533 46.70 1177 47.90 734 48.70 94 44.80 0.600
Female 608 53.30 1278 52.10 772 51.30 116 55.20

Location Ascending 690 60.50 1338 54.50 638 42.40 91 43.30 < 0.001
Descending 96 8.40 257 10.50 192 12.70 25 11.90
Sigmoid 230 20.20 611 24.90 471 31.30 71 33.80
Transverse 125 11.00 249 10.10 205 13.60 23 11.00

Grade 1 51 4.50 158 6.40 98 6.50 18 8.60 0.033
1I 869 76.20 1882 76.70 1123 74.60 150 71.40
11T 206 18.10 389 15.80 276 18.30 41 19.50
v 15 1.30 26 1.10 9 0.60 1 0.50

Tumor size <5cm 457 40.10 1235 50.30 893 59.30 90 42.90 < 0.001
5-10 cm 614 53.80 1104 45.00 566 37.60 94 44.80
> 10 cm 70 6.10 116 4.70 47 3.10 26 12.40

CEA Positive 222 32.80 498 34.00 322 38.30 63 51.20 0.002
Negative 449 66.40 957 65.40 511 60.80 60 48.80
Borderline 5 0.70 9 0.60 7 0.80 0 0.00

T invasion T3 1141 100.00 2296 93.50 1191 79.10 0 0.00 < 0.001
T4 0 0.00 159 6.50 315 20.90 210 100.00

Tumor counts 1 785 68.80 1693 69.00 948 62.90 142 67.60 0.001
>2 356 31.20 762 31.00 558 37.10 68 32.40

Chemotherapy No 966 84.70 2112 86.00 1241 82.40 156 74.30 < 0.001
Yes 175 15.30 343 14.00 265 17.60 54 25.70

Race White 849 74.70 1795 73.40 1050 69.80 138 65.70 0.001
Black 95 8.40 270 11.00 194 12.90 24 11.40
Other 192 16.90 380 15.50 260 17.30 48 22.90
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Cause-Specific Survial

Overall Survival

Hazard Ratio (95%Cl) P-value Hazard Ratio (95%Cl) P-value
Married Reference 0.528 Reference 0.062
Marital status  Single 1.115(0.922-1.349)  0.260 1.139(1.022-1.268) 0.019
Unknown 1.088 (0.651-1.819)  0.748 1.083 (0.784-1.495)  0.629
<60 Reference <0.001 Reference <0.001
Age 61-79 1.062 (0.837-1.348) 0.621 1.768 (1.493-2.094) <0.001
280 1.825(1.393-2.392) <0.001 —— 4.127 (3.449-4.938) <0.001
Ascending Reference 0.067 Reference 0.208
Location Descending 1.430(1.075-1.903) 0.014 1.178 (0.989-1.403) 0.066
Sigmoid 1.200 (0.959-1.503)  0.111 1.098 (0.963-1.252) 0.164
Transverse 1.010 (0.736-1.387)  0.949 1.004 (0.848-1.189) 0.963
| Reference 0.257 Reference 0.096
Grade 1] 1.243 (0.797-1.938)  0.337 1.049 (0.826-1.333)  0.694
1] 1.511(0.938-2.432)  0.090 1.236 (0.953-1.604)  0.110
v 1.209 (0.413-3.539) 0.729 1.040 (0.574-1.884) 0.896
<5cm Reference 0.530 NA
Tumorsize  5-10cm 1.082 (0.892-1.314) 0.423
>10cm 1.223 (0.819-1.828) 0.326
Positive Reference <0.001 Reference <0.001
CEA level Negative 0.680 (0.562-0.822) <0.001 0.711 (0.639-0.792) <0.001
Boaderline 1.315(0.537-3.223)  0.549 1.216 (0.726-2.037)  0.458
White NA Reference 0.002
Race Black 1.057 (0.895-1.247)  0.515
Other 0.771(0.659-0.900) 0.001
Tumor counts Reference Reference
22 0.453 (0.355-0.577) <0.001 1.358 (1.220-1.512) <0.001
No Reference Reference
Chemotherapy
Yes 1.137(0.891-1.451) 0.302 0.894 (0.755-1.057)  0.190
Group 0 Reference <0.001 Reference <0.001
Group Group 1 1.223(0.928-1.612) 0.153 1.133 (0.974-1.318) 0.107
Group 2 1.855 (1.390-2.474) <0.001 1.495 (1.274-1.754)  <0.001
Group 3 4.116 (2.797-6.056) <0.001 2.036 (1.580-2.623) <0.001
0 2 ; 5

Fig.4 Multivariate survival analysis in cohort 2. Hazard ratio and 95% CI shown as forest plots. Those factors including older age at diagnosis, positive

CEA, higher score were inferior prognostic factors for both CSS and OS in cohort 2

TNM staging system scores, are italicized. Because right
hemicolectomy usually yields a higher number of lymph
nodes and the right colon cancer takes a majority of both
cohorts. We performed a subgroup analysis, and similar re-
sults were also found in the subgroup of right colon cancer
(Table S5 and S6). Based on our results, the novel prognostic
scoring system could effectively identify high-risk patients
with stage II colon cancer, who had an even worse survival
than some of the stage III colon cancer. This, in turn, could be

applied in the clinical setting to help improve the prognosis of
high-risk patients.

Discussion
According to the AJCC cancer staging manual, primary tumor

invasion (pT), involved regional lymph nodes (pN), and dis-
tant metastasis (pM) should be taken into consideration for

Table 3 Hazard ratio calculated by comparison of CSS curves between groups by log-rank test

HR (95% CI) Stage classification according to AJCC cancer staging manual, 6th edition

pT1-2N+ (Ref) pT3N1 (Ref)

pT3N2 (Ref)

pT4N1 (Ref) pT4N2 (Ref)

Group 0 0.703 (0.511-0.967) *

Group 1 0.998 (0.769-1.294) ¥

Group 2

Group 3 3.842 (2.619-5.636) ***  1.851 (1.368-2.505) *** 1.103 (0.861-1.412) "

0.333 (0.282-0.391) *** 0.201 (0.174-0.237) *** 0.170 (0.126-0.228) *** 0.118 (0.084-0.165) ***
0.470 (0.409-0.539) *** 0.282 (0.241-0.329) *** (.235 (0.176-0.313) *** 0.158 (0.111-0.221) ***
1.541 (1.215-1.955) **  0.731 (0.632-0.844) *** 0.440 (0.379-0.510) *** 0.369 (0.289-0.471) *** 0.250 (0.188-0.330) ***

0.932 (0.714-1.216) ~ 0.629 (0.487-0.812) **

N'No statistical significance
"P<0.05

" P<0.01

" P <0.001
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Table 4 Hazard ratio calculated by comparison of OS curves between groups by log-rank test

HR (95% CI) Stage classification according to AJCC cancer staging manual, 6™ edition

pT1-2N+ (Ref)

pT3NI (Ref)

pT3N2 (Ref)

pT4NI1 (Ref)

pT4N2 (Ref)

Group 0
Group 1
Group 2
Group 3

0.802 (0.682—-0.944) **  0.605 (0.545-0.670) ***
1.019 (0.888-1.168) Y 0.766 (0.704-0.833) **

1.405 (1.234-1.600) *** 1.065 (0.974-1.165)

2.122 (1.678-2.685) *** 1.624 (1.322—-1.996) ***

0.459 (0.409-0.515) ***
0.576 (0.521-0.637) ***
0.805 (0.729-0.888) ***
1.211 (1.005-1.459) *

0.391 (0.323-0.474) *
0.490 (0.410-0.584) *+
0.692 (0.592-0.809) **
1.055 (0.861-1.292) ¥

0.278 (0.224-0.
0.337 (0.274-0.413) ***
0.484 (0.405-0.
0.754 (0.620-0.

343)

577)
916) **

N'No statistical significance
"P<0.05

“P<0.01

P <0.001

colon cancer staging, and stage II colon cancer includes only
T3—4 tumor without regional lymph node consideration.

100

80—

60

40

Percent survival

20

Cause-specific survival

100+

80

60

40-

Percent survival

20

T T T T T T T 1
20 40 60 80 100 120 140 160
Months

Overall survival

100

80—

60

40+

Percent survival

20

1 1 I T 1 1 I 1
20 40 60 80 100 120 140 160
Months

Overall survival

1 1 I I T 1 I 1
20 40 60 80 100 120 140 160
Months

Group0
Group1
Group2
Group3

Group0
Group1
Group2
Group3

T1-2N+
T3N1
T3N2
T4N1
T4N2

- Cumulative Survival Proportion ® Percent survival

Cumulative Survival Proportion

Fig. 5 Comparison of survival curves between reclassified stage

patients using the novel system and stage III patients. a, ¢ Survival
outcome of patients regrouped using the novel prognostic scoring

@ Springer

There is a big difference in treatment between stage 1l and
III colon cancer. Precise assessment of stage is very important

Cause-specific survival
100
— T1-2N+
80+ —— T3N1
- T3N2
—— T4N1
40+ —— T4N2
20
0 T T T T T T T 1
0 20 40 60 80 100 120 140 160
Months
mm Group 0
1.0 _ _ = Group 1
0.8 1 . mm Group 2
% mm Group 3
0.6+ O3 T1-2N+
0.4 1 =3 T3N1
=1 T3N2
0.2
1 T4N1
0.0- . ' =3 TAN2
3-year CSS 5-year CSS 10-year CSS
mm Group 0
1.0 mm Group 1
0.8+ == Group 2
mm Group 3
0.6 O T1-2N+
0.4 1 _ =9 T3N1
1 T3IN2
924 HH = TaN1
0.0 T 1 T4N2
3-year OS S-year os 10-year OS
I system in cohort 2. b, d Survival outcome of subgroups in stage III

patients of cohort 3. e, f Comparison of long-term survival of CSS and
OS among subgroups of cohorts 2 and 3



Int J Colorectal Dis (2021) 36:959-969

967

for the delivery of adjuvant therapy to colon cancer patients.
The pN stage in colon cancer is influenced by regional lymph
nodes. Adequate number of ELN for pN staging is no less than
12 as recommended by AJCC guidelines. Inadequate ELN
numbers may result in tumor understaging and lead to worse
survival [12, 13, 16-18]. However, the optimal number of
ELN has not been determined in colon cancer [19-24].
Here, we focused on the impact of ELN number on stage II
colon cancer and investigated the stage migration effect
caused by insufficient ELN number.

Several factors influence the number of ELN. Operation
selection and surgeon skill influence complete regional lymph
node resection, while variations in pathology practice and skill
lead to different regional nodes retrieved [20, 25, 26]. In our
present study, some patient characteristics were associated
with the number of ELN. Younger patients or those with big-
ger tumors were more likely to have higher lymph node yield.
Previous studies have evaluated the impact of ELN number
and metastatic lymph node ratio (mLNR, calculated by posi-
tive lymph nodes dividing ELN number) on the prognosis of
cancer patients and confirmed higher ELN associated with
better survival across various solid tumors including colon
cancer [13, 20, 22, 27-29]. In our study, ELN number, pT,
and patients’ age were determined to be independent prognos-
tic predictors in stage II colon cancer. Patients with less than
10 ELN exhibited worse CSS and OS as compared to those
with higher ELN. Similar results were observed among sub-
groups with different age ranges.

Since the method for building a nomogram for cancer prog-
nosis was introduced by Alexia Iasonos et al. in 2008 [30],
studies on the establishment of prognostic nomograms for
different cancers have expanded [31-35]. Although useful
for stratifying patients, nomograms, especially those
consisting of many factors, have limitations for clinical prac-
tice. Our novel prognostic scoring system, consisting of com-
bining pT and ELN, is easy and convenient for clinical prac-
tice. Stage II colon cancer patients can be reclassified by sim-
ply adding the ELN number. As discussed above, patients
with the highest score had the worst survival of CSS and OS
in both training and validation cohorts according to the novel
scoring system.

Although patients with stage II colon cancer generally have
a better prognosis than those with stage I1I colon cancer, there
is still extensive variability. One possible reason for this is that
stage II colon cancer patients might be stage III colon cancer
patients, suggesting understaging as a result of inadequate
ELN. The impact of the number of ELN on accurate staging
in different cancers has been assessed and generally, a greater
number of ELN is related to more accurate node staging and
better prognosis [9, 10, 36]. To evaluate the stage migration
effect caused by inadequate ELN in stage II colon cancer, we
compared patient survival of reclassified stage I colon cancer
with those of stage III colon cancer. As expected, stage II

colon cancer patients with a smaller number of ELN had com-
parable, or worse, survival of both CSS and OS when com-
pared with stage III colon cancer patients. For instance,
pT4NO cancer with a 0-10 ELN had similar survival of both
CSS and OS relative to either pT4N1 or pT3N2 cancer.
Inadequate ELN leads to a greater chance of failing to detect
positive lymph nodes and to understaging in colon cancer.

Our present study focused on the effect of inadequate ELN
on the prognosis of patients without regional lymph node
metastasis. However, the limitation is that why patients expe-
rienced inadequate ELN was not addressed here. Some mo-
lecular markers such as microsatellite instability (MSI),
KRAS, and BRAF mutations are not documented which can
also predict the prognosis and direct the treatment of specific
stage CRC. MSI test is universally recommended for diagno-
sis of Lynch syndrome and also can direct the adjuvant che-
motherapy post-surgery for a stage II population (irrespective
of germline or sporadic background) [37, 38]. However, iden-
tification of gene mutations like KRAS and BRAF is recom-
mended for metastatic colon cancer in clinical practice.

In conclusion, a greater number of ELN were found to be
associated with better survival in stage II colon cancer and we
recommend more than 20 ELN for accurate staging post-sur-
gery. According to the prognostic scoring system, stage II
colon cancer can be reclassified into different subgroups,
where patients with a score of 2 or 3 should be treated follow-
ing guidelines for stage III colon cancer patients.
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